Experiments and Discussions
In this work, performances of square and octagonal spiral inductors on the nc-Si surface-passivated HR-Si substrates were studied. The octagonal spiral inductor has smaller edge field due to the smoother perimeter of metal trace, thus minimizing transmission loss resulting from penetration of edge field into substrate. Several one-turn inductors with different geometric parameters were designed, fabricated, tested, and compared.
The spiral inductors were fabricated on SiO2/nc-Si-SPL /p-type-HR-Si substrates. The resistivity of the HR-Si substrate is in the range of 1 to 5 k-cm. The nc-Si SPL was deposited by HWCVD [2] . The oxide was deposited by plasma enhanced chemical vapor deposition (PECVD) and was 300 nm thick. 1.2-μm-thick Al layers were evaporated and patterned to form spiral patterns. The metal thickness is about half that of the top metal of commercial processes. Fig.1 shows top-view photographs of one-turn octagonal and square spiral inductors. On-wafer S-parameter measurements were used for the extraction of inductor parameters including inductance and quality factor. After the parasitic de-embedding, the equivalent inductances and quality factors were extracted. The one-turn inductor on the SiO 2 -coated HR-Si substrates with an nc-Si SPL can give a higher Q value around 21.9 at 20 GHz. This is attributed to the higher substrate  eff , which results in smaller substrate loss. Fig. 3 shows inductances and quality factors of octagonal and square spiral inductors. The octagonal inductor has a higher quality factor and larger inductance due to its smoother perimeter and hence smaller edge-field loss resulting from penetration of edge field into substrate.
The inductance and quality factor of a spiral inductor depend on its inner diameter. Fig. 4 shows inductances and quality factors of the one-turn octagonal spiral inductors on the SiO 2 -coated HR-Si substrate with a 400-nm-thick nc-Si SPL. Three different diameter sizes, i.e. 80, 100 and 120 μm, were used. A set of extra inductances and quality factors of a foundry-provided inductor with 80-μm-thick inner diameter is also shown. In Fig. 4 , the larger the inner diameter, the larger the inductance. The self-resonance frequency (SRF) of three inductors is higher than 20 GHz. For frequencies less than SRF, the larger the inner diameter, the larger the quality factor. The observed performances are similar to those of inductors provided by foundries, such as TSMC. It is also found that for the same inner diameter, the inductors on the SiO2/nc-Si-SPL/p-type-HR-Si substrates have larger inductances and larger quality factors at higher frequencies. The former is due to smaller cross-sectional area of metal trace. The latter is due to higher substrate  eff , which is larger than 15 k-cm at 20GHz [2] . There exist two independent loss mechanisms in inductors: the metal loss and the substrate loss [6] . At lower frequencies, the conduction loss of the metal layer, including skin and proximity effects, is the dominant Q-limiting mechanism. At even higher frequencies, the substrate loss sets the lower limit on the Q. Because the metal thickness of the designed inductors is about half that of inductors provided by foundries, the quality factors of the designed inductors at lower frequencies are slightly smaller due to larger conduction loss. As a whole, experimental results show that inductors on the the nc-Si passivated HR-Si can exhibit larger quality factors due to the good suppression effect of surface carrier channels of HR-Si substrates. 
Conclusions
In this work, inductors on SiO2/nc-Si-SPL/HR-Si substrates are studied. For inductors with 80 μm diameter, the quality factor at 20 GHz is 21.9, 22.5, and 17 for the inductors on SiO2-coated HR-Si substrates with 100 nm and 400 nm nc-Si SPLs and a foundry-provided inductor, respectively. At higher frequencies, quality factors are higher due to suppressed substrate loss. For studied structures, the space between metal trace and substrate is less than 1 um and the thickness of metal trace is only 1.2 μm, hence the quality factors can be further enhanced by increasing thickness of oxide layer and metal trace. 
